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ABSTRACT 
An Investigation was undertaken to study the recovery 
of ursolic acid and v?ax as a mixture product from cranberry 
skins and the adaptability of the extractor developed by 
this laboratory to such a process. Preliminary work indi­
cated cranberry skins could be transported continuously 
throu(ih this type of extractor countercurrent to the sol­
vent without mechanical difficulties. 
The soluble materials obtainable from cranberry skins 
by different solvents were determined. Ursolic acid was 
found to be practically insoluble in n-hexane. Therefore, 
it was not considered further. Tetrahydrofuran showed 
higher solvent pov;er than both ethylene dichloride and tri-
chloroethylene. The latter two dissolved nearly the same 
quantity of total extractables. 
Of the total extractables, ursolic acid was refined 
and its solubility in ethylene dichloride, trlchloroethy-
lene and tetrahydrofuran was determined. Solubility de­
terminations of total extractables in the same solvent were 
also made. From pilot plant extractions, it was found that 
the validity of these data was limited. 
Rate extraction studies were made with ethylene di­
chloride, triohloroethylene and tetrahydrofuran. Tetra­
hydrofuran was a favorable solvent with respect to solubll-
V 
Ity of ursolic acid and extraction rate, but Its Inflamnia-
blli.ty and tendency to form peroxides limits its uses. 
Therefore, pilot plant extractions were confined to the two 
solvents, trichloroethylene and ethylene diohloride. 
Extractions with fresh aolventa as well as recycled 
solutions were investlfe^ated. The results indicated that ex­
tractions using fresh solvent would give more yield in 
ursolic acid which is expected to be more valuable than the 
wax. However, economic considerations favor the extractions 
ualnji recycled solvents. The choice of the two processes 
would be dependent upon the economical balance considering 
the price of the products and the cost of fuels. 
An analytical method based on infra-red spectrum was 
developed to analyze the ursolic acid content in the prod­
ucts. The results of the product analyses supplied the 
data to evaluate the efficiency of extraction. 
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INTRODUCTION 
As a food Item, orsnberrles are familiar to the pub­
lic In the United States. They are produced as an annual 
crop In the New England states. While the berries are 
processed Into canning products, the skins and seeds have 
been discarded as wastes. However, the chemical compounds 
In the skins and the oil In the seeds, If properly recov­
ered, can be made Into useful by-products to bring about 
additional return to the cranberry Industry. 
Dr. Charles E. Sando (17) pioneered the chemical study 
of compounds obtainable from cranberry skins. He found, 
among other constituents, ursolic acid which Is a valuable 
emulsifying agent for making food, cosmetics and drugs. 
It Is non toxic In property (11). Other constituents of 
the waxes consist of mixed glyoerldes, free fatty acid 
and hydrocarbons. The commercial use of the waxes has to 
be further developed. 
The National Cranberry Association, Hanson, Massachu­
setts built a pilot plant to recover the ursolic acid 
and wax from cranberry skins by solld-llquld extraction 
(19). In search of the most economical process, a pro­
ject was further undertaken by Iowa Engineering Exper­
iment Station. This thesis pertains to the work done In 
connection with It. The major objectives were as follows: 
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1. To extract ursolic acid and other waxes as a mixture 
product from cranberry skins by solld-llquld extrac­
tion, 
2. To determine adaptability of the pilot plant extrac­
tion unit patented by Iowa Engineering Experiment 
Station for the proposed process. 
3. To choose the best solvent In view of solubility and 
rate of extraction. 
4. To develope a solld-llquld extraction process whereby 
the recycled solution Is used as a solvent. 
5. To analyze the product, determining Its content of 
ursolic acid. 
6. To determine economic considerations. 
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REVIEW OF LITERATURE 
Scope of Cranberry Industry 
The annual crop of cranberries In the United States 
varies between ^00,000 to 800,000 barrels per year (19)• 
For each 1,000 barrels produced, about 1200 pounds of washed 
and dried skins and 800 pounds of seeds can be obtained. This 
corresponds to 300 to 480 tons of dried skins and 200 to 320 
tons of seeds annually. The dried seeds contain 20-21 percent 
by weight of greenish serai-drying oil; each gram of which con­
tains 200 units of vitamin A. The dried skins contain twelve 
percent of raw wax and ten percent by weight of ursolic acid. 
The raw wax refers to a mixture of compounds as follows; 
1, Mixed glycerldes of linolenic acid, llnolelc acid, 
oleic acid and palmitic acid, 
2, Free fatty acids: arachldlc acid and oleic acid, 
3, Hydrocarbons: nonacosane and hentria-contane. 
Ursolic acid, C29H;i|_g(0H)C00H, is considered separately 
because of Its rare occurrence (5), It is a white powder 
having a melting point of 283-283.2®C. The structural formula 
is given below. However, the position of the carboxyl group 
has not been established conclusively. 
u  
C H g  
HO 
C H  
C H  
C H .  
C O O H  
C H  
ursolic acid 
CH3 
Recovery of Waxes and Ursolic Add 
It was found that the wax may be extracted free from 
ursolic acid by using cold hexane as solvent (19)» Ursolic 
acid as well as the wax will be extracted If hot hexane 
or ethylene dlchlorlde la used as solvent. The temperature 
of extraction nnd the solvent used therefore determine 
the conqjosltlon of the extraction product when sufficient 
time of contact Is allowed. Table 1 gives the analytical 
results of the product extracted under different condi­
tions. 
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Table 1, Approximate composition of cranberry waxes 
Soft wax "Ursolene" Single ex-
M.P. 74®C. M.P. 207.5°C. traction wax 
{cold normal (hot normal M.P, 217.3°C. 
hexane) hexane) (ethylene-
extract, % extract, % dlohlorlde) 
extract. % 
Mixed glycerldes of 
Llnolenlc aold, 
Llnolelo aold, 
Oleic acid, and 
Palmitic aold 
81.4 k 6 , 2  32.5 
Free acids 
Oleic aold 
Arachldlc acid 
11.ii 6.3 ^.5 
Ursolic acid trace Z h , o  48.9 
Hydrocarbons 
Honacosane 
Hentriacontane 
7.2 23.5 I'j.l 
It la noted that the relative amount of ursolic aold 
In the extraction product Increases with different solvents 
In the following order; cold hexane, hot hexane and 
ethylene dlchlorlde, 
Carletom, jMorrls and Nealy (3) built a pilot plant 
extractor coneletlng of a copper still equipped with & 
water cooled reflux condenser. The still had a thermo-
regulator that controlled the water flow rate In the con­
denser, thereby maintaining the extraction at the desired 
temperature. Dried cranberry skins were placed in the 
still through which hexane vapor was circulated repeatedly. 
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Presumably the solvent underwent distillation and condensa­
tion In the same manner as in a laboratory soxhlet. The con­
densation and extraction took place at low temperature. Most 
of the raw wax was removed from the skins at the end of 
twelve hours and was referred to as "3oft wax". A second 
solvent, ethylene dlchlorlde, was used to extract the same 
skins for an equal period of time. Most of the ursolic acid 
was removed. 
When hexane at higher temperatures (65°-70®C) was used 
as the solvent, the extraction product after pulverizing was 
called "Ursolene". 
Instead of using two solvents in succession, Nealy (19) 
used ethylene dlchlorlde as the solvent to remove both the 
wax and ursolic acid at the same time. The product obtained 
after the recovery of the solvent was called "Single extrac­
tion wax". 
Solvent Extraction in Practice 
Solid-liquid extraction has been in wide application in 
vegetable seed processing. The extractors employed are 
mostly operated on a continuous basis. To summarize the 
types of extractors, one way of classification is based 
on the method of contact between the solid and the liquid, 
namely the percolation type and. the immersion type. In the 
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former type, the solvent la sprayed on a bed of flaked seeds 
and allowed to seep through the bed. In the latter type, 
the flaked seeds are completely covered with the solvent 
during the extraction. The percolation type has the advan­
tage of reducing the disintegration of flaked seeds, while 
the Immersion type offers better contact between the solid 
and the liquid. 
Another way of classification of the extractors is 
based on their design. Included In this category are bas­
ket, screw conveyor, tower, endless belt and compartment 
extractors. 
Basket type extractors were first developed In Germany 
(12). They are characterized by a loop of endless moving 
chains driven by two sprocket wheels and enclosed in a 
vapor tl^-ht housing. A number of baskets with sieve bot­
toms are attached to the chain and spaced at proper dis­
tances apart. The baskets are continuously and slowly 
raised and lowered In a cyclic manner. A charging hopper 
Introduces the flaked seeds Into each basket as It starts 
down the descending side of the apparatus. When the 
baskets ascend to the top of the housing, to the opposite 
side of the charging hopper, they are automatically In­
verted and the spent flakes are dun^ied Into a discharge 
hopper. Fresh solvent Is sprayed onto a basket near the 
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top of the ascending line of baskets and percolates down­
ward through the lower baskets In counterourrent flow, Ae 
the mlscella reaches the lower part of the housing, a pump 
withdraws It and sprays It onto the topmost basket of the 
descending line. From this basket the mlscella percolates 
downward In parallel flow and leaves the system at the 
bottom. 
Screw conveyor type extractors are represented by 
the Hlldebrandt system which consists of two vertical 
tubes connected by a horizontal tube at their bottom ends, 
forming a U-ahaped apparatus (12), Within each tube, a 
perforated screw conveyor Is Installed. The flaked seeds 
are fed continuously at the top of one of the vertical 
tubes and are propelled through the extractor counter-
current to the fluid flow until they reach the discharge 
end near the top of the other vertical tube. The solvent 
Is Introduced below the spent flake discharge and final 
mlscella leaves the exit located below the flake feed 
point. 
Tower type extractors are manufactured by Allls-
Ghalmer Manufacturing Company (1) and V,D. Anderson 
Sompany (10). A vertical cylindrical shell forms the 
wall of the extraction tower. A number of horizontal 
circular plates, equally spaced vertically, are fixed to 
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the Inner wall of the oolumn. Segments are cut away from 
the plates so the solid materials drop downward from one 
plate to the one below under the action of a scraper arm 
which is attached to the centrally rotating shaft. The 
solvent Is introduced near the bottom of the tower and the 
mlscella overflows at the top through an overflow weir. 
The spent solids are discharged at the bottom of the tower 
through a solid plug,ged cone-type orifice. 
The endless belt type extractor consists of, essen­
tially, a continuous moving perforated belt, enclosed In 
a vapor-tight chamber. The forward and backward paths of 
travel lie in horizontal planes. VvTiile the flaked seeds 
move along with the belt, the solvent spray percolates 
through them and the mlscella is collected below the lower 
belt. The solids are scraped off the belt at the end of 
the forward path of the belt. 
Compartment type extractors are operated on the same 
principle as multlple-sta£;e batch extraction (13). The 
main feature is that the states are confined in one vapor-
tit.ht unit. The flakes and the solvent are in stagewise 
countercurrent flow. The Rotocel extractor is one of this 
kind. It consists of a number of horizontal cells rotating 
about a central vertical shaft and enclosed in a cylindri­
cal casing. Each cell has a hinged perforated bottom. 
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beneath which rollers are attached. The rollers move along 
a rail circumferential to the wall of the casing with one 
section of the rail being so constructed that the hinged 
bottom drops down at one section of the track, discharging 
the spent seeds into a receiving hopper ^nd resuming its 
path a^ain. New seeds are introduced Into the empty cell 
again. Beneath the cells, the lower casing is divided 
into several coinoartraents in which the miscellas of dif­
ferent concentrations are collected. Pumps are installed 
to withdraw the miscella and spray it again over different 
cells so that a multiple contact extraction is assured. 
New solvent is sprayed over the cell containing seeds to 
be discharged. 
The Kennedy extractor is another compartment extrac­
tor (7). A series of round-bottom troughs are placed 
side by side in a vapor-tight housing. A four-bladed 
paddle wheel revolves in each trough, the perforated 
blades closely fitting the circular contour of the trough. 
At one end of the housing the seeds are fed by a screw 
device into the end trough. The seeds are TDropelled to­
ward the other end, where they are carried away by an 
Inclined Redler conveyor. The liquid flow in the extrac­
tor is counter-current to the seeds. 
The extractor developed by the Iowa Engineering 
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Experiment Station can be considered as another variation 
of oompartnient extractors (18). It consists of an endless 
Redler type conveyor chain enclosed In a loop casing. The 
flaked seeds are held In a series of compact beds and move 
countercurrently to the solvent. 
Experimental Aspects In Solld-Llquld Extraction 
The mechanism of solld-liquld extraction has not been 
well defined because of various unkinown factors such as 
the physical structure of the solids, the adsorption effect 
of the solute by the carrier solid, the distribution of the 
solute In the solid and the number of solutes soluble In 
one specific solvent. This is true for most sollcis of 
plant or mineral origin. Therefore, no single theory can 
be generalized for use In extractor design. Experiments 
on a pilot plant scale are required In every practical 
problem to determine the size of the extractor and Its 
operating conditions. However, literature review does 
reveal many valuable Investigations made In the field of 
vegetable oil extractions. Many of the flndlnc;s are use­
ful In studying solld-llquld extractions In general, 
Boucher, Brier and Osburn (2) developed the semi-
batch extraction method In which a solution of constant 
composition was used as solvent to extract soybean oil from 
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Impregnatied porous plates. This method Is valuable In de­
termination of Instantaneous extraction rate of a solute 
from materials of different solute content by solvent of 
known composition. 
King, Katz and Brier (8) used the same method to ex­
tract soybean oil from soybean flakes with trlchloroethylene. 
The equilibrium oil content as a function of solvent compo­
sition and the Instantaneous rate curves were obtained from 
the experimental data. By combining:, the rate data with the 
material balance, the extraction time re^lulred to achieve a 
desired recovery could be predicted for a continuous count-
ercurrent extraction. 
The effect of solvent composition on extraction rate 
was further studied by Othmer and A^^arval (15). They re­
ported, at ccnetsnt temper^iture, that the extraction rate of 
soybean oil from soybean flakes of definite thickness was 
a function of Instantaneous oil content in the flakes, inde­
pendent of solvent composition. However, it should be not­
ed the solvent composition employed was limited to a maximum 
of 20 percent oil. Tr/hen the solvent composition became 
hlp.her, it reduced the extraction rate. Juhl (6) proved 
this point in the continuous counterourrent extraction of 
cottonseed. Hl^.h residual oil content was obtained at high 
miscella concentration when a low solvent to feed ratio was 
employed. With high mlscella concentration at the exit, 
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the solvent oorapoaltlon at any aeotlon along the extractor 
was oorreapondlngly higher; hence, a lower extraction rate 
resulted. 
Juhl'a work [6) also Indicated the effect of particle 
size and temperature on extraction. Thin flakes of large 
diameter and high temperatures were favorable conditions 
for removal of oils from cottonseed flakes. 
The operating variables that should, In t^eneral, be 
considered in continuous countercurrent extraction Include 
temperature, particle size, and feed rates of solids and 
solvent. The feed rate of solids determines the extraction 
time In the extractor of finite len£th, and the relative 
feed rates of solids to solvent v?lll decide the solvent 
composition along the extractor. The efficiency of extrac­
tion Is affected by all these factors. 
Ik 
EXPERIMENTAL 
Definition 
31noe there are a number of compound8 present In the 
cranberry skins, it is necessary to define the terms used 
in this work. Total extractable refers to all the compounds 
that can be extracted by one solvent. While ursolic acid is 
defined as such, the compounds in the total extractables 
other than ursolic acid are grouped under the designation 
"wax". 
Prediction of Operation Performance 
Solids that will disintegrate upon contacting with 
solvent are not very adaptable to continuous extraction 
because the excessive fines which result will cause the 
solvent to flow with difficulty and eventually lead to dis­
rupted operation. Cranberry skins, on being stirred In 
either cold or hot solvent, such as ethylene dlchlorlde or 
trlchloroethylene, retain their integrity without producing 
any appreciable fines. This constitutes a favorable con­
dition for continuous extraction. 
One empirical method to prediut the flow performance 
in the continuous countercurrent extractor developed In 
thlB laboratory Involvea the dstermlnation of solvent flow 
rate through a stationary solid bed. The apparatus 
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oonBlsted of a vertical glass tube, 25 mm. In diameter and 
about 1-i feet long, filled to a depth of one foot with 
cranberry skins. Screens above ana below the filled sec­
tion held the skins in place. Solvent was allowed to flow 
into the top of the tube at suoh a rate that the solvent 
was constantly flush v;lth the top screen. The time for 500 
ml. of ethylene dichloride to flow through the tube was re­
corded as 29 seconds, and the flow time for ths same volume 
of trlchloroethylene was 2? seconds. According to Hollowell 
, if the time of flow In such a determination is within 
35 seconds, the operation performance in the Iowa State 
extractor will be satisfactory. Thus cranberry skins should 
be quite adaptable in this respect. 
Total Extractables in Cranberry Skins 
The total extractables obtainable from cranberry skins 
can be determined by extraction in a Soxhlet extractor with 
various solvents. V/hen the time of extraction is held 
constant, the quantity of total extractables will be depends, 
ent on the nature of the solvent. A sample of three grams 
of skins was extracted for three hours with each of the four 
solvents investigated. The results are tabulated in Table 2 
and are expressed in ranges. The variation arises mainly 
from the non-uniformity of the skins. 
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Table 2. Total extractables In cranberry alclna 
Solvent Percent total extraotables In 
cranberry akins 
n-Hexane 9. 16-• 9. 71  ^
Ethylene dlchlorlde 19. 32-.21, 20 
Trlchloroethylene 19. 32-23. 50 
Tetrahydrofuran 27. 00-'31. 00 
According to Warth (19), ursolic acid accounts for 10 
percent by weight of cranberry sklna, and la practically 
Insoluble In n-hexane» The resulta obtained here confirmed 
thla point closely. While ethylene dlchlorlde «and trlchlo-
roethylene were shown to have nearly the same solvent power 
for the total extraotables, tetrahydrofuran dissolved more 
than any of the other solvents Investigated. Tetrahydro­
furan may not be desirable as a solvent If ursolic acid Is 
the major constituent to be recovered. 
Solubility Determination 
Ob.iectlve 
Quantitative solubility data of total extraotables 
and ursolic acid In different organic solvents are needed 
for many reasons; that the solvent power of different 
solvents can be compared; that enough solvent la always 
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present to do the extraction; that the theoretical amount 
of extraction product obtainable by extraction at high 
temperature with recycled dilute solution and crystalli­
zation at low temperature can be estimated; and that 
theoretical ursolic acid content In such product can be 
predicted. 
Apparatus 
Modified Thorp's apparatus (16, p.382-383), made of py 
rex glass, was used for solubility determination. It con­
sisted mainly of two flasks A and B as shown In Figure 1, 
Both flasks were made from 125 ml. Erlymeyer flasks. 
Flask B had a side arm to which a ball Joint was con­
nected. A tube of sufficient capacity to hold a Soxhlet 
thimble was sealed to flask B. In this operation a cir­
cular Indentation was formed to support a perforated por­
celain disk upon which the thimble rested. To the other 
end of the tube, a female ground glass Joint was connected. 
The male ground glass Joint Joined Flask A at one 
end and a short section of tubing at the other end. Vhen 
the apparatus was assembled, the end of this short tubing 
Was Inside the open end of the Soxhlet thimble. Flask A 
also had a side arm to which a atop cock was attached. 
An appropriate length of tygon tubing connected the 
two side arms and a clanqj held the ball Joints together. 
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Thus the vapor by-path vaa completed and could be governed 
with the stop cook. The two flasks were held together by 
two metallic springs through the glass ears as shown In 
Figure 1. 
Procedure 
A constant water bath was adjusted to the desired 
temperature which varied io.1^0. About 60 ml, of the 
solvent and enough solid solutes wore added to a glass-
stoppered erlymeyer flask. The flask was immersed in the 
water bath with shaking. After equilibrium was reached, 
20 ml. of the turbid solution was poured into flask A of 
the solubility determination apparatus along with an addi­
tion amount of solute. The apparatus was assembled with 
flask A as the base and Inserted vertically in the water 
bath. After shaking for ten minutes, the apparatus was 
overturned so that the turbid solution filterd through 
the soxhlet thimble into the flask B, Filtration also 
took place at the bath temperature. The filtrate was next 
poured into a tared weighing bottle and weighed. The sol­
vent was evaporated and the weighing bottle and its solid 
contents rewelghed. The solubility was calculated from 
these data. 
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FIGURE I. SOLUBILITY DETERMIN ATION APPARATUS. 
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Solutes and solvents 
In deterrainint, the solubility of total extractablaa, 
the solute which was originally extracted by hot ethylene 
dichloride was supplied by National Cranberry Association, 
Presumably, all the extractable constituents obtainable 
from cranberry skins were present. 
The other solute was refined ursollo acid having a 
melting point range of 271-277'^C. It vas prepared from 
the total extraotables, according to the procedure de­
scribed in Appendix A. 
Both trichloroethylene, C2HCl«j and tetrahydrofuran, 
O^HsO, used were the technical products of E.I. Dupont de 
Nemoura and Company. The former has a normal boiling 
point of 188°F, and the latter, 149-155°F. Ethylene 
dichloride, G2Hj[|,Cl2, was purchased from Carbide and 
Carbon Chemical Coorporatlon and had a boiling point range 
of 180-183°F, This compound is also known as 1,2-dlchloro-
ethane and ethylene chloride. 
Results and discussions 
The solubilities of the total extraotables and ursollo 
acid in each of the three solvents, trichloroethylene, 
ethylene dichloride and tetrahydrofuran are plotted in 
Figures 2, 3 and ^ respectively. By comparing these 
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figures, It Can be seen both the total extractables and 
ursolic acid have a relatively high solubility In tetra-
hydrofuran. V/hlle ursolic acid has nearly the same solu­
bility In trlchloroethylene and ethylene dlchlorlde, the 
total extractables have a slightly higher solubility In the 
former solvent than the latter. 
The solubility determinations made above are based on 
the assumption that each constituent In the total extract­
ables has a finite solubility at all temperatures and that 
the solubilities are additive at dilute concentrations. 
It Is then possible to predict the amount of total extract­
ables precipitated and their ursolic acid content when a 
known weight of saturated solution at high temperature Is 
cooled down to a dilute saturated solution at low temper­
ature. Table 3 gives the predicted results. The temper­
atures of extraction and cooling are tentatively chosen 
and the corresponding solubilities are taken from Figures 
2, 3, and 4. In actual continuous countercurrent extraction 
the final solution may not reach saturation after a finite 
time of contact since extraction rates are Involved. The 
solid product obtained by cooling such a solution would 
have a different composition even operated at the same 
temperatures. 
Table 3 Indicates tetrahydrofuran yields less amount 
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TOTAL EXTRACTABLES 
URSOLIC ACID 
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FIGURE 2.  SOLUBILITY IN TRICHLOROETHYLENE 
23 
2.0 
1.6 
1.2 
0.8 
0.4 
-
-
TOTAL E • XTRACTA BLES 
-
-
URS OLIC AC D. 
O 
9 1 1 1 
60 80 TOO 120 140 160 180 
TEMPERATURE ,  'F 
FIGURE 3.  SOLUBILITY IN ETHYLENE 
DICHLORIDE .  
20 
TOTAL EXTRACTABLES 
URSOLIC ACID 
80 70 90 100 no 120 130 140 
TEMPERATURE ,  'F 
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of precipitates than the other two solvents although the 
ursolic acid content In the product la higher. Ethylene 
dlchlorlde and trichloroethylene precipitate the same 
amount of ursolic acid but percent-wise a higher content of 
ursolic acid la found in the product when ethylene dl­
chlorlde l8 used as solvent. 
Rate of Extraction Study 
yiaterlals 
Dry cranberry skins were supplied by National Cran­
berry Association. They contained a small amount of seeds 
which were Impractical to remove. Since the seeds had a 
hard surface, very little oil was expected to dissolve In 
the solvent. The same solvents used In the solubility 
determination were employed In this phase of Investigation. 
Apparatus 
The whole apparatus was made of pyrex glass as shown 
in Figure 5» It consisted of three major parts; a three 
liter round bottom flask serving as a solvent tank; a 
straight tube condenser, 16 inches in length, serving as 
solvent preheater; and the extractor. The latter was a 
glass tube 1 inch In diameter, the major section of which, 
6 Inches In height, was water Jacketed. About 2.5 grams 
Table 3. Prediction of amount and conroosltlon of precipitates by solubility 
(Basis: 100 lbs, solvent) 
Solvent Sxt'n. Cooling Wax Ursolic Total Wax Ursolic 
Temp.F. Temp. F lbs, acid lbs. lbs. ^ acid, ^  
Tetrahydrofuran IhO 80 0.2J^ 0,3^^ 0.58 J^l.5 58.5 
Trlohloroethylene 170 80 0.98 0.5^^ 1.52 65.3 3^-7 
Ethylene dlchlorlde 170 80 0.76 0.5^^ 1.30 58.5 ^1.5 
27 
SOLVENT TANK 
THERMOMETER 
SOLVENT 
PREHEATER 
I- K 
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< m 
SOLUTION 
OVER-FLOW I Id O I 
k J WATER 
\  WATER 
FIGURE 5.  EXTRACTION RATE APPARATUS. 
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of cranberry skins oould be loosely charged Into this sec­
tion to form a stationary bed with a thin piece of cotton 
on each end to Jceep flnea away from the flowing liquid. 
A round piece of stainless steel wire screen on top of the 
upper cotton prevented the solids from floating. 
Water from a constant temperature bath circulated 
throutih the Jacket of the extractor and that of the con­
denser continuously. Temperature of extraction was indi­
cated by the thermometer Inserted at the solution exit. 
The three main parts were assembled together through two 
ball Joints, each being held together by a clanrp. One 
stopcock controlled the rate of flow of solvent and the 
other, the drainage of the extractor. 
Procedure 
A 2.5 gram sample of cranberry skins was weighed Into 
the extractor. The water was started circulating through 
the apparatus from the constant temperature bath which 
had been adjusted to the desired temperature. The stop­
cock which controlled the solvent Intake to the stationary 
bed was opened and the rate of solvent flow adjusted to 
10 ml, of solution per minute. The starting time of each 
run was taken as the first drop of solution left the 
extractor. The solution was collected In 100 ml. graduates 
at 10 minute Intervals and transferred to a tared 150 ml. 
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extraction flask. The solvent was evaporated on a steam 
heated hot plate and the flask containing the solute 
rewelghed to constant weight. At the end of the extrac­
tion run, the remaining solution was drained from the 
extractor and used as a part of solvent In the Soxhlet de­
termination of the residual solute. Soxhlet extraction 
was carried out In a three hours period. 
Results and discussions 
Extraction rate Investigations were conducted on 
cranberry skins with three solvents, one at a time. Con­
stant temperature was maintained In each run. The effects 
of temperature on the extraction rate are shown In Figures 
6, 7 and 8 in which the fraction of total extractables 
recovered Is plotted against time. 
For any one solvent, high temperature favors the 
extraction rate in the Initial stage as indicated by the 
slope of the curves. In the later stage, temperature does 
not effect the extraction rate appreciably as the curves 
become nearly straight lines of same slope. 
The fact that all the extraction rate curves take 
the form of nearly a straight line of limited slope in the 
later stage suggests the corresponding extraction rate is 
small and is the controlling step in the whole extraction. 
The absorption of the extractables by the skins and their 
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MINUTES TIME 
FIGURE 6 EFFECT OF TEMPERATURE ON EXTRACTION RATE 
OF TOTAL EXTRACTABLES IN CRANBERRY 
SKINS BY ETHYLENE DICHLORIDE. 
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FIGURE 7.  EFFECT OF 
OF TOTAL 
SKINS BY 
TEMPERATURE ON EXTRACTION RATE 
EXTRACTABLES IN CRANBERRY 
TRICHLOROETHYLENE . 
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MINUTES 
FIGURE 8 EFFECT OF TEMPERATURE ON EXTRACTION 
OF TOTAL EXTRACTABLES IN CRANBERRY 
SKINS BY TETRAHYOROFURAN . 
RATE 
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distribution In the skins probably are the main factors. 
Effect of Mixing on Extraction 
Since the extraction rate Investigation revealed that 
the extraction was a slow process. It vas thought inter­
esting, to determine the effect of mixing on extraction. 
Ethylene dlohlorlde was used as solvent. The experiment 
was conducted as a batch operation. Results of extraction 
with and without mixing were compared under the same con­
ditions of temperature, volume of solvent to weight of 
skins and length of time of contact. 
APt?aratu8 
The apparatus consisted mainly of a water-Jacketed 
cylindrical glass container. A vertical bulb condenser was 
connected to it through a cork. A motor-driven stirrer was 
inserted through the condenser and reached the lower part 
of the container, A short piece of glass tubing and a 
atop cock controlled the drainage from the bottom of the 
container. A piece of stainless steel screen on top of a 
piece <it cotton formed the false bottom and prevented the 
fine skins from draining. To measure the temperature of 
extraction, a 212®P thermometer was installed through the 
cork, protruding Into the container. The assembly of the 
apparatus is shown In Figure 9. 
MOTOR 
CONDENSER 
THERMOMETER 
CORK 
STIRRER 
FIGURE 9 .  BATCH EXTRACTION APPARATUS. 
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Procedure 
A 2.0 gram sample of cranberry skins was weighed Into 
the container, the temperature of which la controlled by 
the circulating water from the constant temperature water 
bath. Ethylene dlchlorlde, 80 ml,, was added. The stirrer 
was turned on and timing started. At the end of 10 minutes, 
the solution was drained Into a tared extraction flask. 
The volume of solvent was again added to the container and 
the same operation repeated. Three operations or stages 
were made In each run. Solvent in each of the three con­
secutive stages was evaporated and the solutes weighed by 
difference. The residual solute at the end of the third 
stage was determined by a three hour extraction In a 
Scxhlet extractor with the same solvent. 
Corresponding to each run as described, a similar run 
of three consecutive stages were made without mixing, while 
other conditions were maintained the same. 
Results and dlscusslona 
Three runs, each carried through three consecutive 
stages, were made at two ten5)erature8, 166°F and 176°F, 
Each run with mixing was duplicated by one without mixing, 
other conditions being kept the same. The results obtained 
at each temperature are tabulated in Table U and 5 
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reapeotlvely. 
From the tables shown, the effect of mixing la exem­
plified by the difference In percentage of total extract-
ablea recovered at each stage, with and without mixing. 
The only appreciable gain by mixing Is found In the first 
stage. In general, It does not help the extraction from 
second stage on. 
As stage number Increases, the percentage of total 
extraotables recovered In each additional stage drops dis­
tinctively. In the case where mixing la applied, the 
cumulative amount of total extraotables recovered reaches 
about 90 percent at the end of three stages. 
Pilot Plant Investigations 
Description of equipment 
Continuous countercurrent extraction of cranberry 
skins was conducted in the pilot plant extraction unit at 
the Iowa Engineering Experiment Station. The main features 
of this unit are shown In Figures 10 and 11, 
An endless Redler type chain conveyor, enclosed In a 
loop conduit, carried the skins countercurrent to the 
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Table 4. Effect of mixing on sta^ ewise extraction at lG6°F* 
Per cent of total extractablee recovered 
Hun I^rst stage Second at age Thl 
V/lth Without Difference With Without Difference With Wit: 
mixing mixing mixing mixing mixing mix 
A 67.5 56.3 11.2 1^.0 1^.0 0 5.0 
B 69,0 58.0 11.0 13.6 lU,3 -0.7 5.9 
0 67»3 58.5 8.8 lk,S l4.S 0.1 5.8 
common to all runs, 
Solvent Ethylene dlchlorlde 
Sanqjle weight 2.5 gn>. 
Volume of solvent for each stage 100 ml. 
Time of extrsc tion in each stage 10 minutes 

le extractloii nt iGS®}?'* 
Per cent of total extractables recovered 
Second stage Third stajge Cmnulative 
With Without Difference With Without Difference With Without 
mixizig mixizig mixing mixin#; alxing mixing 
lU.o 0 5.0 6,7 -1.7 86.5 77.0 
13.6 lU,3 -0.7 5.9 5.7 0.2 88.5 78.0 
IU.9 1U.8 0.1 5.8 6.9 -1.1 88.0 80.2 
;e 100 ml. 
;e 10 minutes 

3B 
Table i^ ffects of ailxla^  on sta^ evlse extractiou at 17^ °^ ' 
Percent of total eztractaltles recovered 
Sun Flrat stage Second staf^e ^ 
With V/'ithout Difference V'ith Without Difference With Wii 
mixing mixing mining mixing mixing mi: 
A 70.7 65 I?.7 1^ .3 13.5 0.8 5.5 
B 69,5 60 9.5 II4.5 10.0 U.5 5.0 
C 71.0 62 9,0 15.0 16.0 -1.0 5.0 
m 
Data common to all runs, 
Solvent 'Ethylene dlchloride 
Sample weight 2.0 gm. 
Volume of solvent for each stage 80 ml. 
Time of extraction in each stage 10 minutes 

0 
sewise extraction at 17b J' 
Perueut of total extracta'bles recovered 
Second staj^ e Third etage (hmalative 
;e With Vilthout Difference With '•'Without l^ ifference Ifiith Without 
miidng mixing fixing mixing mixing mixing 
1^.3 13.5 o.g 5.5 5.5 0 90.5 8^.0 
lU.5 10.0 U.5 5.0 i».3 0.7 89.0 7^.3 
15.0 l6.0 -1.0 5.0 5.0 0 91.0 83.0 
bage SO ml. 
bage 10 minutes 
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solvent. It was made of standard No.35 roller chains to 
which seml-clroular flights 1-15/16 Inches In diameter 
were attached at three-Inch intervals (Figure 11). The 
loop conduit was, for the most part, fabricated of 2-lnoh 
diameter pipe. To complete the loop, two Pyrex glass 
sections were Inserted near the solvent Inlet and one above 
the solution outlet for easy Inspection. At the upper left 
corner of the loop, a drive sprocket was located which 
served to move the conveyor and an Idler drum was Installed 
at the upper right corner of the loop to further facil­
itate the movement. The drive sprocket was connected to 
a series of chains and. sprockets which In turn were 
attached to the speed reducer of a 3/4 horsepower, 220 
volt electric motor. By using the right combination of 
sprockets. It was possible to attain the desired conveyor 
speed which in turn determined the feed rate of skins Into 
the extraction unit. The skins entered the extractor 
through a hopper located one foot ahead of the drive 
sprocket. 
The lower horizontal section of the loop was wrapped 
with No,20 asbestos covered Chromel-A resistance wire 
connected to a 7-1/2 ampere, 115 volt variable transformer 
which regulated the current and thereby adjusted the heat 
input to the extraction section. Along the extraction 
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Beotlon, ten copper-constantan thermooouplea were Installed 
and connected to a portable potentiometer through a 20-
polnt selector switch. The extraction temperature could 
thus be controlled. 
The upper horizontal section of the loop was steam 
Jacketed to serve as the first desolventlzer. The ex­
tracted skins left the loop at the end of this section 
and dropped Into the No,2 desolventlzer and from there to 
the No,3 desolventlzer. Each of these desolventlzers 
consisted of 2-1/2 Inch pipe steam Jacketed by it-Inch 
pipe. Solid flight screw conveyors, having l/l6-lnoh 
holes drilled on their flights, allowed the vapor to flow 
to the respective condensers while the solids were pro­
pelled through the desolventlzers. The conveyors were 
driven by a chain and bevel gear combination connected 
to the same speed reducer which drove the extractor 
conveyor. 
Solvent was fed into the extractor by a centrifugal 
pump through a rotameter and preheater. A by-pass line 
across the pump allowed the excess solvent to recirculate. 
The solvent was preheated in a steam Jacketed pipe and 
entered the extractor at a point between the two glass 
section on the right hand leg of the loop. A thermometer 
was installed at the entrance to measure the temperature 
of the solvent. 
Figure 10, View of the Pilot Plant Extractor 

Figure 11, Conveyor Chain and Flights 
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The solvent flow inside the extractor was from right 
to left and it overflowed through an enclosed screen die-
charge located juat below the glass section on the left 
hand leg of the loop. The final solution was collected 
in one gallon bottles. Under steady operating conditions, 
the extraction section was about 98-lnches in length from 
one liquid level to the other. 
Procedure 
Prior to each pilot plant run, the heating steam 
was introduced Into the desolventlzers at 20 p.s.l.g. The 
conveyor in the extractor was set at the desired speed by 
choosing the proper combination of driving sprockets. 
Since the extraction section was of finite length the 
extraction time was determined by the speed of the conveyor. 
The feeding of cranberry skins and solvent into the ex­
tractor were started at the same time. The feed rate of 
skins was measured by difference of weight and the sol». 
vent rate was indicated by the rotameter reading. 
At the beginning of second hour, the initial weight of 
the feed skins was recorded and the collection of the ex­
tracted solution was started using l-gallon tared bottles. 
During this second hour, three sanq^les of extracted skins 
were taken at 20 minute Intervals. The samples were dried 
and the residual solute content determined in a Soxhlet 
extractor. The average result of the three samples was 
taken as the representative of the whole hour run. At 
the end of the run, the final weight of the feed skins as 
well aa the weight of final solution plus the containers 
were recorded. The solution concentration was analyzed 
for total solute content by evaporating the solvent from 
a weighed portion of well mixed solution. In case the 
solvent was a filtered solution from the previous run, its 
concentration of total solute was determined by the same 
method. 
Results and dlscusslonfl 
Gountercurrent solvent extraction of cranberry skins 
was conducted In three series of runs. In the first series, 
six Independent runs were made using trlchloroethylens aa 
solvent In each run. In the second series of six successive 
runs, trlchloroethylene was used aa solvent only In the 
first run. The solvent used In each of the following runs 
was the solution obtained from each preceedlng run after 
cooling and filtering. The third series of five succes­
sive runs was conducted In almllar manner aa the second 
series except ethylene dlchlorlde was used as original 
solvent In place of trlchloroethylene. Because of the 
lower boiling point of ethylene dlchlorlde, the extrac­
tion temperature In this series of runs was kept at a 
^5 
lower level. 
The results of three series of runs are presented, la 
Table 6, 7» and 8 reapeotlvely. Saoh table la divided Into 
three parts under th3 separate headings, operational, ana­
lytical and calculated, A sample calculation ia presented 
in Appendix B. 
The purpose of the first aeries of runs was to estab­
lish the best conditions for extracting the skins. The 
first two runs were made to study the effect of tempera­
ture on extraction. The residual content was slightly 
reduced after raising the temperature. 
To Improve the extraction, the solvent to feed ratio 
was increased successively in the next three runs. It 
showed a significant effect. The amount recovered ranged 
from 80 to 90 percent of the total extractables in tha 
skins. The miniiuum solvent to feed ratio should be 25 to 1» 
To increase the throughput, the last run in this 
series employed a shorter extraction time, maintaining the 
same solvent to feed ratio and temperature as in run No,3* 
The result was satisfactory considering the percent of 
total extractables recovered. It can be concluded from 
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the first series of runs that good extraction results can 
be achieved with an extraction time of 25 minutes, solvent 
to feed ratio of 25 to 1, and extraction temperature at 
150°F. 
The second series and the third series of runs both 
used recycled solution as solvent except In the very first 
run of each eerlea where fresh solvent was used. Similar 
results were observed In both series; however, the effec­
tiveness of recycled solvent on extraction was more indic­
ative and unique In the third series. The general trend 
was that both the percent of total extractables and the 
percent of ursolic acid recovered were reduced with 
Increased solvent concentration. The percentage of ursolic 
add recovered In the second series was not conclusive 
mainly because the calculations were based upon the con­
centration of the solution product from each run which 
due to turbulance and convection In the extractor, may be 
different from that expected. 
The recycled solvent concentration In each run was 
constantly higher than the one In the preceedlng run. 
This was further evidenced by the calculated results that 
In each run the amount dissolved was always greater than 
the amount precipitated for each pound of skins processed. 
The solvent was enriched by each cycle. Certain constit­
uents of the total extractables muat either be completely 
^7 
mlsclble with the solvent or have a high aolublllty at the 
temperature of precipitation. 
The enrichment of solvent further suggests the solu­
bility determined previously for total extraotables from 
cranberry elclns is not a sound basis for determining the 
solvent requirement in recycled extraction. Instead, the 
solubility of ursolJc acid should be used. For Instance, 
If extraction temperature is 150°F. and the filtration 
temperature is 80°F., the solubility differential is 0.3 
pounds of ursolic acid, per 100 pounds of ethylene 
dichlorlde or trichloroethylene. As the ursolic content 
averages 0,1 pounds per pound of skin, the solvent require­
ment should be 33 pounds for each pound of skins extracted. 
Comparing to the solubility curve determined previ­
ously, the amount of ursolic acid precipitated per 100 
pounds solvent in most of the runs In the second series is 
below the expected values and that in the third series 
follows the solubility relation very closely. The latter 
case indicates the solubility of ursolic acid is not af­
fected by the enrichment of recycled solvent, although 
its recovery is reduced as pointed out before. 
Analysis of Ursolic Acid Content 
ObJ^ectlve 
The ursolic acid content in the precipitates obtained 
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Table 6. £xtractlon of cranberry slcins by trichloroethylene 
Operational reaultB Ana 
Run 
Extraction 
time, Min. 
Feed 
rate 
Ibs./hr, 
Solvent 
rate 
Ibs./hr. 
Solvent 
Feed 
Solution 
rate 
Ibs./hr. 
Average 
iixtractlon 
temperature®F. 
Pare 
resi 
base 
prod 
sk 
1 0.70 15.0 21.U — 129 S 
2 U5 0.90 15.0 16.7 11.5 iMo ? 
3 1(5 0.88 2U.g 2S.2 21.8 1U5 u 
k i+5 0.80 33.« 42.0 31.5 lUg 3 
5 60 0.50 2U.g U9.6 22.5 150 3 
6 25 1.75 U5.7 26.2 1^ 1.3 152 U 
'Average total extractables In feed is 22 percent based on weight of skrim 
is ursolic acid* 

trichloroethylene 
luLte Analytical results Calculated results 
fent Solution Average Percent Solution Percent Percent total 
led rate Extraction residual concentration residual extractables 
Ibs./hr. temperature®?. based on lbs. solute/ based on extracted 
product 100 lbs. feed 
skins solvent skins* 
l.H — 129 8.3 0,66 7.0 70 
6.7 11.5 lUO 7.5 0.71 6.3 73 
8,2 21.8 11^ 5 U.6 o.ui 3.7 8k 
2.0 31.5 l4g 3.8 0,36 3.0 87 
3.6 22.5 150 3.3 0.U5 2.6 89 
S.2 Ui.3 152 U.8 0.59 3.9 83 
22 percent based on weight of ekine in which 12 percent is wax and 10 percent 
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Table 7* Extraction of cranberry skins by recycled trichloroethylene • 
Operational results i\najl.ytical results 
Teed Solvent Solution Average 
rate Feed rate extraction 
Bun Ibs./hr. 
Percent Solvent Soluti 
residual, concentratloa. concent] 
IbB./hr, temperature°F, based on at lbs. sc 
product lbs, solute/ 100 ] 
skins 100 lbs. soli 
solvent 
7 1.82 25.S HO.U 
8 1.88 2U.3 i+0.5 
9 1.12 
10 1.93 
11 2.20 
4^0.8 Ul.O 
23.7 39.0 
20.8 37.2 
12 ?.M 19.0 39.5 
163 
157 
Vq 
157 
156 
163 
'+.3 
5.0 
8.2 
8.3 
7.6 
8.1 
0.42 
0.75 
0.93 
1.25 
1.38 
Data common to all runs, 
Sztraction time 2^  minutes 
Solvent rate UU Ibs./hr. 
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Extraction of cranberry skins by recycled trichloroethylene • 
Operatioaal results Analytical results 
?€ed Solvent Solution Average Percent Solvent Solution 
rate i'eed rate extraction residual, concentration, concentration, 
B./hr. Iba./hr. teiiiperature°F. baaed on at 20°J? lbs. solute/ 
product lbs. solute/ 100 lbs. 
skins 100 lbs. solvent 
solvent 
25*8 kO.k 163 U.3 0 0.68 
2U.3 U0.5 157 5.0 0.^ 2 l.OS 
U0.8 kl,0 IU7 8.2 0.75 1.26 
23.7 39.0 157 8.3 0.93 1.62 
20.8 37.2 156 7.6 1.25 2,06 
19.0 39.5 163 8.1 1.38 2.142 
•,bl common to all runs, 
Iztraction time 23 minutes 
Jolvent rate UU Ibs./hr. 

TitbXe 7» (Continued) 
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Calculated results 
Percent lbs. Percent 
residual extracted total 
Solvent Solute lbs, ppt'd 
rate ppt'd lb. feed 
Hun based on lb. feed extractablee (in solution) Ibs./hr. akin 
feed skin extracted Ibs./hr. 
skins* 
3.5 0.185 40.1 0.104 0.057 
h.i 0.179 82 iio.l 0.132 0.070 
10 
11 
12 
0.151 
7.1 O.Iks 
0.156 
6.9 0.151 
69 
68 
71 
h9 
U0.6 
38. U 
36.U 
38.6 
0.13U 
O.LU? 
0.2l^g 
0,120 
O.O7U 
0.113 
•Average total extractables in feed is 22 percent based on weight of skins, 
10 percent is ursolic acid. 
T^he results are obtained by analyses described in the section, "Analysis of 
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Calculated results 
Percent Solvent Solute l"bs. ppt'd Percent Percent lbs. ursolic 
total rate ppt'd lb. feed ursolic ursolic acid ppt'd 
extractables (in solution) Ibs./hr. akin scld acid 100 lbs. 
extracted Ibs./hr. in f recovered solvent 
precipitate 
8k iK).i o.ioii 0.057 63.5 36,2 0.164 
82 lio.l 0.132 0.070 70.5 U9.5 0.232 
69 U0.6 0.I3U 0.120 59.5 71.5 0.196 
68 38.4 0.142 0.074 72.5 53.5 0.268 
71 36.4 0.2^ 8 0.113 67.5 76.4 0.460 
69 38.6 ~ — 65.0 
bles in feed Is 22 percent based on weight of skins, in which 12 percent is wax and 
ed by analyses described in the section, "Analysis of Ursolic Acid Content". 
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Table 8. Extraction of cranberry skins by recycled ethylene dichloride* 
Operational results Analytical results 
Peed Solvent Solution Average Percent Solvent Solution 
rate Feed rate extraction reaidual, concentration, concentrfitlon, 
Ron Ibs./hr. Ibs./i^ r. temperature®?, based on lbs, solute/ lbs. solute/ 
product 
skins 
100 lbs. 
solvent 
at gO°F 
100 lbs. 
solvent 
13 1.82 2U.2 31.75 
lU 1.7s 2k.J 35.75 
15 2.60 
16 1.93 
17.0 28.50 
22.8 29.75 
17 1.32 33.^ 32.25 
155 
151 
156 
151 
151 
5.5 
8.0 
9.9 
10.3 
10.7 
0.1H5 
0.626 
1.110 
i»i+35 
1.020 
1.205 
1.9M3 
2.015 
2.015 
Data coouaon to all runs, 
Extraction time 25 minutes 
Solvent rate Ibs./hr. 
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7abl« 8. (Continued) 
Calculated results 
Solute Iba. ppt*d I 
ppt'd lb. feed i 
Percent lbs. Percent Solvent 
residual extracted total r^ te 
Hun based on lb. feed estractables (in solution) Ibs./hr. skin 
feed 3kln extracted Ibs./hr. 
skins* 
13 .^6 0.17^  
lU 6.8 0.152 
15 8.6 0.13^  
l6 9.0 0.130 
17 9.^  0.126 
79 
69 
61 
59 
57 
31.^ 
35.3 
28.0 
29.1 
31.6 
0.190 O.lQll 
0.206 0.116 
0.230 0.0S9 
0.169 
0.128 
0.088 
0.097 
*ATerage total extractables In feed is 22 percent based on weight of skins, 1 
and 10 percent is ursolic acid. 
f 
The results are obtained by analyses described In the section, "Melysis of 
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Calculated results 
Percent Solvent Solute Iba. prt'd Percent Percent lbs, uraoHc 
total r«ite ppt'd lb. feod ursolic ursolic acid upt'd 
estractables (in solution) Ibs./hr. skin ?icld add 100 lbs. 
extracted Ibs./hr. in f recovered solvent 
preclpitete 
79 
69 
61 
59 
57 
31.'^ 
35.3 
28.0 
29.1 
31.6 
0.190 
0.206 
0.230 
0.169 
0.128 
O.lOU 
0.116 
0.089 
0.088 
0.097 
65.5 
60.5 
58.0 
6l.0 
68 
70 
52 
5»+ 
0.395 
0.353 
0.1^76 
0.35^ 
3.ble8 in feed is 22 percent based on weight of skins, in which 12 percent is wax 
:id. 
aed by analyses described in the section, "Analysis of Ursolic Acid Content". 
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from the two series of pilot runs employing recycled sol­
vent was analyzed for two purposes; firstly, to evaluate 
the percentage of ursolic acid recovered and., secondly, to 
determine the ursolic acid content In the precipitates 
from each recycled extraction. These precipitates con­
tained all the possible constituents In the total ex-
tractables which Included, In add,ltlon to ursolic acid, 
glycerldes, fatty acids, and hydrocarbons. Quantitative 
analysis of the conipoaltlon of an organic mixture of this 
nature could not be readily achieved by chemical means. 
Therefore, a physico-chemical method was developed (9). 
Procedure 
The principle of this method was based on infra-red 
absorption spectra of ursolic acid and benzoic acid dis­
persed In potassium bromide pellets. The former was the 
only compound In the total extractables containing a free 
hydroxyl group. The peak Intensity shown by the hydroxyl 
group of ursolic acid and the reference peak Intensity 
shown by benzoic acid, are dependent upon their respective 
amounts in the pellet. Samples of known composition of 
ursolic acid and benzoic acid were prepared and pelletlzed 
with potassium bromide and peak intensities measured. A 
calibration curve was made by plotting the ratio of loga­
rithmic peak Intensities against the corresponding weight 
51* 
ratio of ureollo aold to benzole acid. 
In determining the ursolic acid content In the unknovn 
precipitate, a given weight of benzoic acid was added to 
the aaicple, the mixture was made Into pellet with potassium 
bromide and the peak intensities measured. By referring to 
the calibration curve, the aciount of ursolic acid in the 
sample was determined. 
In preparing the pellet, about 0,4 grams of potassium 
bromide was required. I3oth the sum of the benzoic acid and 
ursolic acid and the sum of the benzoic and unknown sample 
should be very close to 2 mg. In order to weigh the quan­
tities accurately, all the weighings were made with a micro-
balance. 
The accurately weighed sample was well mixed and made 
into pellets with a pellet machine. Infra-red absorption 
determination was then made with a Balrd infra-red spectro­
photometer, employing a sodium chloride prism. All the ab­
sorption spectra were obtained in the wave length region 
of 2-16 microns. 
Results and discussions 
The infra-red absorption spectra obtained in deter­
mining the calibration curve and the ursolic acid content 
in the saniples are kept at the Infra-red Spectrometry 
Laboratory of this institute. In each epeotrum, the 
5 5  
vertical axis repreaented the intensity of absorption and 
the horlzontfil axle represented the wave length. The peak 
intensity developed by the hydroxyl group of ursolic acid 
occurred at wave length 2.82^ and that due to benzoic acid 
at wave length 14.07/^. Each peak intensity waa marked in 
the spectrum ^;<lth a vertical line and measured In inches. 
This la permissible because the peak intensity is in direct 
proportion to the length. 
The results of calibration are presented in Table 9 
and plotted in Figure 12. The ursolic acid, content in the 
precipitates from both second and third series of pilot 
plant runs were analyzed by Infra-red absorption spectra 
and are presented in Tables 10 and 11 respectively. The 
peak intensity due to uraolic acid in the sample and that 
due to benzoic acid were measured In each spectrum, the 
ratio of logarithmic peak intensities calculated, and the 
ratio of ursolic acid to benzoic were taken from the 
calibration curve. Since the weight of benzoic acid and 
that of sample were known, the amount of ursolic acid and 
Its weight fraction in the sample were calculated. 
In the spectrum analysis the peak intensity, rather 
than the area enclosed by the respective spectrum, was 
taken to represent the absorbance. This approximation is 
Justified by the fact that the general shape of the spectrum 
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Table 9* Calibration data for azutlysia of ursolic acid content, by infra-red abao 
yfaightf 
ursolic acid 
beazdic acid 
Peak intenaity? 
ursolic acid, 
inches 
Log.(Peak intensity, 
tirsolic acid) 
Peak inteneityf 
benzoic acid, 
inches 
0.166 2.00 0.301 9.00 
0.231 2,38 0.376 8.75 
O.^OC 2.75 O.U39 g.50 
0.737 3.50 o.5iiU 8.25 
0.7S0 3.63 0.559 s.oo 
*Feak intenaity is in direct proportion to vertical length of respective spec 

acid content, by infra-red absorption spectra 
Intensity, Peak intensity? Log,(Peak intensity, Log.(Peak intensity, ursolic acid) 
Ic acid) benzoic acid, beii2oix acid) Log. (Peak intensity, benzoic acid) 
Inches 
)1 9.00 0.95U 0.356 
8.75 0,9^ 2 0.398 
59 S.50 0.929 O.U73 
8.25 C.917 0.593 
73 s.oo 0.903 0.620 
bical length of respective spectrum. 
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of either ursolic acid or benzoic acid remained almost 
Identical throughout the calibration and the unknown deter­
minations . 
The calibration curve, being a straight line, Indicated 
a unique relation existed between the ratio of absorbance 
and the ratio of the weight of ursolic acid to that of 
benzoic acid. Its accuracy is satisfactory because the 
experimental points deviate very slightly from the mean 
average curve. 
The general shapes of the spectra resulting from the 
calibration and the unknown determinations were very much 
alike especially In the region where the spectra of ursolic 
acid and benzoic acid were located; no additional peaks 
existed and no appreciable shift of peak wave length oc­
curred. This Indicated the other constituents, in addition 
to ursolic acid, In the unknown sample made no Interference 
to the spectra of ursolic acid and benzoic acid. The anal­
ysis of ursolic aold content In the precipitates from the 
pilot plant runs by this method should be very represent­
ative. 
The results In Table 11 showed the ursolic acid con­
tent In the precipitates from the third series of pilot 
plant runs remained nearly the same, except In the first 
run. Whereas In the second series, the ursolic acid con­
tent was different for each run. Such variations were 
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most likely due to the degree of saturation of the solution 
at the extraction temperature. 
6o 
Talile 10. AnalyBle of ursolic acid content in precipitates from pilot plant extractions us 
Bun No. Benzoic meld,  
gm. 
Sample pp't. 
gm. 
Peak intensity, 
ursolic acid, 
inches* 
Log.(Peak intensity, 
ursolic acid) 
Peak intens 
benzoic ac 
inches* 
7 O.OOO9U6 0.001082 3.38 0.528 7.75 
8 0.000907 O.OOIOU3 3.63 0.559 7.88 
9 0.001139 O.OOIIU9 3.25 0.512 8.63 
10 O.OOI2U9 0.001089 3.25 0.512 8.25 
11 0.001020 0.001158 3.50 O.SUU 7.81 
12 0.001028 0.000919 3.06 0.1^ 86 8.00 
*Peak intensity is in direct proportion to vertical length of respective epectrum. 

Dg recycled triclxloroethyleas 
ty. Log.(Peak intensity. Log.(Peak intensity, ureolic acid) Wt.. ursolic acid Percent ur8oli< 
d, benzoic acid) Log.(Peak intensity, benzoic acid) VJt., benzoic acid acid in pp't. 
O.S89 0.59^ 0.725 63.5 
0.896 0.625 0.810 70.5 
0.936 C>'5^7 0.600 59.5 
0.917 0.559 0.630 72.5 
0.893 0*609 0.765 67.5 
0.903 0.539 0.580 65.0 
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Table 11. AualyBlB of ursolic acid content in precipitates from pilot plant extractions us! 
Ron No. Benzoic acid, 
gm. 
Sao^le pp't. 
ffn. 
Peak intensity, 
ursolic acid, 
inches* 
Log.(Peak intensity, 
ursolic acid) 
Peak intensi 
benzoic acl 
inches* 
13 O.OOIO3U 0.001107 0.536 8.31 
lU O.OOO90U O.OOIO3U 3.»^U 0.536 8.3« 
15 0.000967 0.000973 3.16 O.U99 8.63 
l6 0.001100 0.001060 3.25 0.512 g,l4U 
17 0.001069 O.OOIO6U — — — 
in 
Peak intensity is in direct proportion to vertical length of respective spectrum. 

sing recycled ethylene dichlorlde 
lity. Log.(Peak Intensity, Log. (Peak intensity. urBOlle acid) V^ t.. ursolic acid Percent 
sld, benzoic acid) Log.(Peak intensity, benzoic acid) Wt., benzoic acid ursolic acid 
In pp't. 
0.920 0.585 0.700 65.5 
0.923 0.582 0.690 60.3 
0.936 0.536 0.570 58 
0.926 0.553 0.610 61 
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ECONOMICAL CONSIDERATIONS 
The annual crop of dried cranberry skina varies be­
tween 300 to 430 tons. If this amount processed on a 
300 working days per year basis, the capacity of the ex­
traction plant would be between one to one and six tenths 
tona per day. Considering the l«ibor force maintained and 
the storage expenses, It would be more economical to oper­
ate an extraction plant of larger capacity on a seasonal 
basis. 
If Iowa State College extractor was used to extract 
cranberry skins, the size of the extractor shoul<3 be de­
signed that it will be able to extract soybean flakes of 
O.OOl Inches In thickness at a capacity five times greater 
than that chosen for cranberry skins, because In this type 
of extractor the capacity is In direct proportion to the 
bulk density of the material extracted. The bulk density 
of soybean flakes of such thickness is about 25 pounds per 
cubic foot and that of cranberry skins Is about 5 pounds 
per cubic foot. Therefore, the capacity of the same ex­
tractor used to extract cranberry skins is one fifth of 
that In extracting soybean flakes. 
One of the major operating costs of an extraction 
plant Is the thermal requirement In the recovery of sol­
vent. Two extraction processes are compared. In the 
first process, the solvent la recovered by evaporation 
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after each extraction. In the second process, solution from 
each extraction, after cooling and filtering, Is recycled 
and used as solvent In the next extraction. In both cases, 
the base solvent considered Is ethylene dlchlorlde. 
(1) Extraction with fresh solvent 
Basis: To extract one pound of cranberry skins 
Solvent; Ethylene dlchlorlde 
Boiling point of solvent=180®F 
Extraction temperature=150°F 
Condensing temperature - 6o°F 
Physical properties for pure solvent (13)i 
assuming the same for dilute solutions. 
Specific heat = 0,308 B,T.U./lb./°F 
Latent heat =77.3 Cal./gm. 
= 139 B.T.U./lb. 
Ursolic acid content In skins = 10^ 
Solubility of ursolic acid in solvent =• 0.^4-
Ibs./lOO lbs, solvent 
Solvent used = (1)(0.1) 
= 25 lbs. 
Sensible heat reQ.ulred to heat the solvent 
from 60°F to 180°F =(25)(180-60)(0.308) 
= 925 B.T.U. 
6k  
Latent heat required to evaporate the solvent 
at 180°F =(25)(139) 
= 3^-80 B.T.U. 
Total thermal requirement = 925 +3''^S0 
= Uk05 B.T.U. 
(2) tixtraction with reoyoled solution 
P^asla; To extract one pound of cranberry skins 
Solvent: Ethylene dichlorlde 
Extraction temperature =150°F 
Filtering temperature = 80*^? 
Dlfferenoe in solubility of ursolic acid be­
tween 150°F and 80®F=0.3 Iba./lOO lbs. 
solvent 
Solvent used = (1)(0.1)(~£) 
u 9 3 
= 33 lbs. 
Sensible heat required to heat the solvent 
from 80°F to 150°F=^ (53)(150-80) (O.308) 
= 712 B.T.U. 
From Run N0.I5, Table 8, 
lbs. ppt'd./lb, sXln-O.09 
Assume equal amount of solvent Is contami­
nated with the precipitate. 
solvent to be recovered =0,09 Iba, 
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Sensible heat required to heat the contami­
nated solvent from 80®F to 180°F 
=(0.09) (180-80) (0.308) 
= 2.8 B.T.U. 
Latent heat re^lulred to evaporate the con­
taminated advent, 
= <0.09) (139) 
-12.5 B.T.U. 
Total thermal re<lulreinent to extract one 
pound of cranberry slcln3=712+2.8+12,5 
-729 B.T.U. 
From the comparison made above, the thermal require­
ment In the extraction with fresh solvent is about six 
times higher than that in the extr.-^ction with recycled 
solution. However, the percent of ursolic acid recovered 
la higher in the former case than the latter as shown in 
Table 8. If the price of ursolic acid is established In the 
market, It would be possible to make an economical balance 
taking consideration of the thermal requirement and the 
price of the product. 
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CONCLUSIONS 
1. In crsnberry eklna, the amount of aoluble materials or 
the total extractables is dependent upon the advent used. 
Among the solvents Investigated, tctrahydrofuran dlsaolved 
more than the others; ethylene dlchlorlde and trlchloro-
ethylene were nearly equal in solvency and n-hexane was 
the solvent that dissolved the least. 
2. The aolubllltlfts of ursolic acid and total extractablea 
in ethylene dlchlorlde, trlohloroethylene and tetrahydro-
furan were determined. Both the total extractablea and 
ursolic acid had a relatively high solubility in tetra-
hydrofuran. khile ursolic acid had nearly the same sol­
ubility in trlohloroethylene and ethylene dlchlorlde, the 
total extractables had a 3ll£,htly higher solubility in the 
former solvent than the latter. 
3. The validity of the solubility data of total extract­
ables is rather limited, because in the pilot plant ex­
tractions, the enrichment of the recycled solvent indicated 
certain constituents were either mlsclble with the solvent 
or had a high solubility. Fortunately, the ursolic acid 
content In cranberry skins is relatively abundant and it 
has a finite solubility at any temperature. The estimation 
of solvent requirement can therefore be based upon these 
two factors. 
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^4-, Extraotlon rate Inveatleatlons revealed that high tem­
perature favored the extraction rate. At any extraction 
temperature, the rate curve oan be broken into two sections, 
the falling rate section and the constant rate section, 
The breaking point occurs at a lower residual content when 
the extraction ten^erature Is high and vice versa. After 
the breaking point, extraction rate remains nearly the 
same regardless of temperature. 
5. Effect of mixing investigations indicated that mixing 
favored the extraction in the region where the total ex-
tractsblea v;ere relatively high. Mixing had no effect on 
extraction when a certain fraction of the total extract-
able s had been extracted. 
6. With respect to mechanical performance, the extraction 
of cranberry skins in a continuous counterourrent extractor 
in this laboratory was very satisfactory as predicted. 
7. Tetrahydrofuran has not been used in pilot plant in-
•yestlgatlons because of its Inflammability and chemical 
activity to form peroxides, 
8. Pilot plant extractions indicated about 80 per cent of 
total extractables in cranberry aklns could be extracted 
by trichloroethylene, with an extraction time of 25 min­
utes, solvent to feed ratio of 25 to 1, and extraction 
temperature at 150°F. 
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9« Pilot plant extractions Indicated both the percentage of 
total extractablea and the percentage of ursolic acid recov­
ered were reduced when recycled solvent was used as solvent. 
The solvent was enriched In each additional cycle by con~ 
Btltuents other than ursolic acid. However, the solubility 
of ursolic add was not effected by the enrichment of the 
recycled solvent. 
10. An analytical method based on infra-red spectrometry 
was developed to analyze the ursolic acid content in the 
extraction product. 
11. Economical considerations indicated the thermal re­
quirement in the extraction of cranberry skins with ethylene 
dlchlorlde was about six times that required in the case 
where recycled ethylene dlchlorlde was used. However, the 
recovery in the former process Is higher than in the latter. 
12. Economical considerations should also be given to the 
overhead cost due to the large desolventizer needed in the 
solvent recovery in the extraction process using fresh sol­
vent as compared with the smaller desolventizer plus the 
cooling and filtering equipment required in an extraction 
process where recycled solution is used as solvent, 
13. The choice between the two extraction processes will be 
dependent upon, among other factors, the amount of product 
recovered, the selling price of the product, the thermal 
requirements in recovery of solvent and the overhead cost 
due to equipment. 
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APPENDIX A 
Improved method for Isolation and purification 
of ursolic acid 
National Cranberry Aasoclatlon 
Research Laboratory Report UW-\vU 1952 
Disperse 300 gras. crude ursolic acid ^ethylene dlchlo-
rlde) in 10 liters methyl alcohol and saturate with gaseous 
ammonia. In one hour, temperature rises to 50°C., and all 
the ursolic acid dissolves as the ammonium salt. Filter 
while hot. About 20 gma. of dirt and insoluble are removed. 
The dark brown filtrate is d.eoolorlzcd by boiling with 
80 gms, Norlt or Darco one to one and half hours. Allow to 
stand over night and reheat or filter while still hot 
through fllter-oel one to two centimeter thick on a Buchner 
funnel. Repeat treatment one or two times to obtain very 
pale yellow solution. 
Concentrate by distilling off methyl alcohol to three 
liters. A white precipitate of salt appears. Acidify to 
Congo red with dilute hydrochloric acid; mafee to about six 
liters with water. The free ursolic acid is filtered and 
well washed with hot water. The filtrate contains only 
sodium and ammonium chlorides. 
The ursolic acid is again d.lspersed in four liters of 
water and then add 20 gms. sodium hydroxide In 100 ml. 
7^ 
WAtftr. Boll with stlrplnt^; for one hour. Caution as mix­
ture foams. 
Centrifuge off the white Insoluble sodium ursolate. 
Wash with hot water. Redlasolve this snlt In one and half 
liters methyl alcohol and acidify w3th dilute hydrochloric. 
Filter free acid on auction filter and hot watsr wash until 
free of chlorides. This yields about 1U8 gms. when dried 
at 90°C for 24 hours, (in,p. 270-276°C) 
The 1^8-150 gms. ursolic acid are then boiled In a mix­
ture of ethyl alcohol and acetone (3 51) which dissolves 
only a yjart of the ursolic acid. Decant and filter the hot 
solvent. Cool and filter off tho white ursolic acid needles, 
yielding about 26-27 gms. of m.p, 2B1-282°C when dried, 
equivalent to 8.8^. 
This mother liquid was added with 200 ml. more of the 
solvent to the undissolved residue and the process re­
peated, yielding 17.5 gms. of crystals, (m.p. 2S0-2B1.5°C) 
Crop No.3 yields 21.3 S®s. (m,p.279-282°C), Fraction 
5 and 6 of about 55 gms. Melting point 2^J9-260°C. Com­
bined crops one to four recrystalllzed give about 75 gms, 
pure ursolic acid. 
These mother liquors and those from the five and six 
fractions may be worked up for oleanollc acid by acetyla-
tlon to acetyl-oleanollc add. 
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APPENDIX B 
Sample calculation for run No. 11 in Table 7. 
Basle: Average percent of total extractables in Input 
skins = 22^ 
Average percent of ursolic acid In input skins 
= 10^^ 
Average percent of wax In input skins = X2% 
Calculation: 
Percent residual, baaed on product skins = 7.6/^ 
Percent residual based on original skins 
" 100-7.6 ^ 100 
= 7.1^ 
Solution rate=37,2 Ibs./hr, 
Solution concentratlon=2.o6 Ibs.solute/lOO lbs. 
Solvent 
Solvent rate (in solution) 
— "i"? 9 ( 10Q'"2« 06 \ 
•" ^ 100 
36,k Ibs./hr, 
Solution concentration, after cooling and fil­
tration at 8o''p=1.38 lbs, solute/lOO lbs. 
solvent 
Solute ppt'd. at 80°P 
= { 2.Q6.»1«38> 
^ 100 ' 
= 0.248 Ibs./hr. 
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Feed rate =2.20 Iba. akln/hr. 
lbs. ppt'd./lb. feed 
^ 0.2^8 
" 2.20  
= 0.113 
Percent ursolic acid in precipitate =6? 
lbs. ursolic acid ppt'd./lb. feed akin 
= 0.113 (0.675) 
- 0.0765 
Iba. ursolic acid/lb. feed akin 
= 0.1 
Percent ursolic acid recovered 
= (100) =76.5 
lbs, ursolic acid pr>t'd 
100 lbs. solvent 
= (0.248|<0.67?) 
= O.U6O 
